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Supplementary material  1 
Methods 2 
Reverse transcription and quantitative RT-PCR. 10 µg of each RNA sample were 3 
treated with 10U of DNaseI (Roche), and the absence of chromosomal DNA 4 
contamination was checked by PCR. To study antisense ncRNA expression, cDNA 5 
synthesis was performed as following:  1 µg of RNA was denatured at 72°C for 10 6 
min; 16.6 pmoles of each strand-specific primer (forward primers listed in 7 
Supplementary Table 2 for the anti-sense RNAs) and dNTPs to a final concentration 8 
of 0.5 mM were added and the mixture was re-incubated at 72°C for 10 min. To this, 9 
5x First-Strand Buffer (Invitrogen), DTT to final 4 mM, 240U of Superscript II 10 
(Invitrogen) and RNase-free water were added; the mixture was incubated at 50°C for 11 
100 min. cDNA synthesis with hrdBrtoutrv only was also performed as negative 12 
control to discriminate, in the down-stream analysis, the background signal. qRT-PCR 13 
experiments were performed using the ABI Prism 7500FAST system (Applied 14 
Biosystems) with 10 ng of cDNA (or water for the negative control) and 10 pmol of 15 
each primer per reaction. Relative expression levels were normalized to mRNA of the 16 
major vegetative sigma factor (hrdB). The signal of each antisense transcript was 17 
compared to the specific background to determine its expression. To determine the 18 
presence of an ncRNA transcript, the negative control cnc2966 (no predicted ncRNA) 19 
was set as threshold (Table 1). All the transcripts above this were considered positive. 20 
To detect the antisense ncRNA cnc2198.1 (not detected with the method previously 21 
described), the forward primer (Supplementary Table 2) was engineered with a tag 22 
(Supplementary Table 2) according to Purcell et al (2006) (2) and used for strand 23 
specific cDNA synthesis. qRT-PCR was performed using a combination of the 24 
tagged-primer and the specific reverse (Supplementary Table 2). 25 
 26 
Overexpression of cnc2198.1 in S. coelicolor. Primers sco2198fw ncRNA BglII and 27 
sco2198rev ncRNA NdeI (Supplementary Table 2) were used to amplify 88bp from 28 
cnc2198.1, with two engineered restriction sites for down-stream cloning. The 29 
amplified product was cloned into pGEM-T easy (Promega) and sequenced 30 
(AGOWA). The cloned fragment was isolated by restriction with NdeI and BglII and 31 
introduced into the Streptomyces multicopy conjugatable plasmid pIJ8781 32 
(manuscript in preparation) digested with the same enzymes. The resulting plasmid, 33 
pTE313, was conjugated into M145. 34 
M145 carrying pTE313 and pIJ8781 was grown on SMM until OD450nm 0.7 and 35 
induced with thiostrepton (final concentration of 5 µg/ml) dissolved in DMSO or 36 
DMSO only. Samples for protein and RNA were isolated at 1 and 5 hours after 37 
induction. Antibiotics were measured at 0, 3, 4.5 and 6 hours after induction.  38 
 39 
Whole-genome detection of ncRNAs 40 
Genomes alignment. A pairwise alignment of S. coelicolor and Streptmyces 41 
avermitilis was calculated using MUMmer 3.06 (1), a program especially designed for 42 
genome-wide comparisons between two genomes. MUMmer follows an anchor-based 43 
approach for the alignment using suffix tree data structures to find anchors, achieving 44 
a fast computation time. Local alignments larger than 200 bp were processed by a 45 
sliding-window approach with a windows size of 120 bp and a step size of 20 bp. 46 
Detection of structured RNAs. We used RNAz v1.01 to predict structured RNAs. 47 
The forward and backward strand of the alignments were screened separately. The 48 
RNAz classifier is based on a support vector machine (SVM). This classifier 49 
computes a probability (p-value) that the input alignment has a significant 50 
evolutionarily conserved secondary structure based on the thermodynamic stability of 51 
a predicted structure and on sequence covariations consistent with a common 52 
structure. For details we refer to Washietl et al (2005) (3). An RNA structure with a p-53 
value of 1 defines the most reliably predicted RNA. Signals with a p-value smaller 54 
than 0.5 were discarded. 55 
As the sensitivity of RNAz is dependent on base composition and sequence identity, 56 
we used a shuffling algorithm to remove alignments that also showed a significant 57 
RNA structure signal after shuffling. Therefore, all alignments that contained a 58 
predicted structured RNA were shuffled once and re-screened with RNAz. All 59 
alignments that had a p-value higher than 0.5 after shuffling were discarded.  60 
Overlapping windows and windows that are at most 50 bp apart were combined into 61 
‘predicted RNA elements’ and thus regarded as single entities. The length of these 62 
predicted elements varies between 21 bp and 1570 bp, with an average length of 162.5 63 
bp. 64 
Annotation. The genomic loci with RNAz predictions were compared with the 65 
RFAM and TIGR annotation of S. coelicolor (Table 1a and 1b) (RFAM: 66 
http://rfam.sanger.ac.uk/, TIGR: http://cmr.jcvi.org/). A ‘predicted RNA element’ was 67 
defined to overlap with a TIGR annotation element if its sequence overlaps at least 68 
20% with the corresponding sequence of the TIGR element. 69 
Finally, all results of the RNAz screen and the corresponding alignments together 70 
with their annotations were stored in a relational database for further processing and 71 
analysis of the structured RNAs.  72 
TIGR annotation shows 65 tRNAs in the genome of S. coelicolor, of which 49 were 73 
predicted by our algorithm. All 13 rRNAs from the TIGR annotation were present in 74 
the prediction. Furthermore, 36 genomic loci are annotated in TIGR to have a Rho-75 
independent terminator signal, indicative of an ncRNA gene, and of these 20 were 76 
present in the aligned region of which 16 were predicted correctly. 77 
A web-site featuring an interface for interactive data exploration and a predicted RNA 78 
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Supplementary Table 1. Comparison of known and predicted ncRNAs 93 
a) 94 
Rfam Family  Type Count Predicted 
tRNA ncRNA Gene 18 (18) 18 
5SrRNA  ncRNA Gene 6 (6) 5 
5.8SrRNA ncRNA Gene 6 (6) 4 
tmRNA ncRNA Gene 1 (1) 1 
RNaseP ncRNA Gene 1 (1) 1 
SRPbact ncRNA Gene 1 (1) 0 
ydaO-yuaA Cis-reg. 7 (7) 6 
Cobalamin Cis-reg., riboswitch 3 (5) 1 
Glycine Cis-reg., riboswitch 4 (4) 2 
TPP Cis-reg., riboswitch 3 (3) 1 
T-box Cis-reg. 1 (1) 1 
SAM Cis-reg., riboswitch 1 (1) 1 
FMN Cis-reg. 1 (1) 1 
 95 
b) 96 
TIGR Family Type Count Predicted 
tRNA ncRNA gene 60 (65) 49 
5srRNA ncRNA gene 13 (18) 13 
Rho70 structural motif 20 (36) 16 
tmRNA ncRNA gene 1 (1) 1 
SRP ncRNA Gene 1 (1) 0 
rnp structural RNA 25 (25) 6 
 97 
Comparison of predicted RNA elements and annotations with RFAM (a) and TIGR 98 
predictions (b). Numbers in column 3 refer to the number of elements in the aligned 99 
sequence region, while the total number of annotated loci is given in parentheses. In 100 
the fourth column, the number of RNAz-based predicted elements overlapping with 101 
the loci predicted by RFAM (a) or TIGR (b) are listed. 102 
Supplementary Table 2. Primers used for the anti-sense RNAs expression studies 103 
Primer Sequence (5’- 3’) 
hrdBrtoutfw 5' CATGCGCTTCGGACTCA 3' 
hrdBrtoutrv 5' ACTCGATCTGGCGGATG 3' 
sco0981fw.B ncRNA 5' AAGACGTACGCCATCGGCCT 3' 
sco0981rev ncRNA 5' TTGTCGAGGTCGAGGCCATCGG 3' 
sco1700fw ncRNA 5' TTCTGACCACCGGGGTCTGA 3' 
sco1700rev ncRNA 5' ATGGGGACAAGAGTCGGCGG 3' 
sco2198fw ncRNA 5' AAGTTCATCGCGGACGAG 3' 
sco2198rev ncRNA 5' TGGCGGGCAGCGTGAAGTG 3' 
sco2261fw ncRNA 5' GCTCCGCGTCACGGACGTATG 3' 
sco2261rev ncRNA 5' AGGCGGGGCATGGGAACGGCT 3'    
sco2819fw ncRNA 5´ TGGCGGAGTTCCGCGGCCGGAT 3´ 
sco2819rev ncRNA 5´ TGCTCCACTCCTCCCAGTCGAG 3´ 
sco3005fw.3 ncRNA  5' AACGTCCTGAAGTACGACGAG 3'  
sco3005rev.1 ncRNA 5' TTGTCGAGCGACGGCGCCGCA 3 
sco3005rev.3 ncRNA 5' TCGTTCGTGAAGTGCTGGATC 3'  
sco3005fw.7 ncRNA 5' ATGCGTGCAGGCGAAGGCAAG 3' 
sco3005rev.5 ncRNA 5' TCTCCTCGATGCCCTTGAGGG 3 
sco3005rev.6 ncRNA 5' ATGTGCACGCCCTCGCCGGAC 3' 
sco3005rev.7 ncRNA 5' TCAAGGCTCTCACCGTCGGCG 3 
sco3133fw ncRNA 5' TCCTGGTCCGGCTCACGGACG 3' 
sco3133rev ncRNA 5' AGAGTTCGCCCAGGATCGCGC 3' 
sco3669fw ncRNA.1 5' ACGTCGGGGATGAGCACGAAG 3' 
sco3669rev ncRNA.1 5' TTCCGGTACGCCTTCTTGATC 3' 
sco3669fw ncRNA.2 5' TTCGGGCACCGGCGACAAGAA 3' 
sco3669rev ncRNA.2 5' ACGGGTCGGTGAGGGAGAAGC 3' 
sco3669fw ncRNA.3 5' TCCGTCACGCTGAAGCTGCCG 3' 
sco3669rev ncRNA.3 5' ATACGCCTGAAGCGCGTCACG 3' 
sco3893fw.1 ncRNA 5´ ACTGCGCGGCATCAGTTCCGA 3´ 
sco3893rev.1 ncRNA 5´ TGTGCGTCGCTCTCGTACGGC 3´ 
sco3893fw.2 ncRNA 5´ TCGAGGACAACGACCTCGTCT 3´ 
sco3893rev.2 ncRNA 5´ TGGTAGGCGTCGTACACCTCC 3´ 
sco3893fw.3 ncRNA 5´ TAGGCGCACAACCATCGTCCG 3´ 
sco3893rev.3 ncRNA 5´ TCCGACGCCGAACCCAATTGT 3´ 
sco4118fw.B ncRNA 5' AGCAAGGACGTGCTGGTGCG 3' 
sco4118rev ncRNA 5' ACGGCTCGTCCTCCTGCCCGA 3' 
sco4295fw ncRNA 5' ATTCGCCGCGGATACACCTGG 3' 
sco4295rev ncRNA 5' AACTCTACCGCGCTCAACCAC 3' 
sco4296fw ncRNA.4 5' ACGTCGACATGATCGCCGAAG 3' 
sco4296rev ncRNA.4 5' ATGACGGCCTCGGTGGTGAGG 3' 
sco4425fw ncRNA 5' ACGGCAAGTAGACCTTCCTC 3' 
sco4425rev ncRNA 5' TGACGGAGCCGGTCTCCTGA 3' 
sco4648fw ncRNA 5' CCACGATCAACGAGATCAAC 3' 




sco4727fw ncRNA 5' AACACCCGTGTTCGGGACCTC 3' 
sco4727rev ncRNA 5' TGCCGATCTCGACCTTGCGGC 3' 
sco5368fw ncRNA 5´ ATCCGCGCCAACCAGATCCTG 3´ 
sco5368rev ncRNA 5´ CCGTAGACGAACGGCATGACC 3´ 
sco5494fw ncRNA 5' ACGAGGGCGACCTCTTCGACC 3 
sco5494rev ncRNA 5' TGTTGGCGAAGACCGTGGCGA 3' 
sco5494fw.2 ncRNA  5' TTTCGGCTGAGGAATAGCGGT 3' 
sco5494rev.2 ncRNA 5' TTCCAGGGGCACTGGTCGTCG 3' 
sco5998fw ncRNA 5' ACGGTGACGGAGAACGCCCTC 3'   
sco5998rev ncRNA 5' ATGCCGTGGACGGTGAGGGTG 3' 
sco5998fw.1 ncRNA 5' TGACGTCACGTCACCCGAACG 3' 
sco5998rev.1 ncRNA 5' TCACGGATGAGCCTGCCGATG 3 
sco6099fw ncRNA 5' ACTGCTCGACGGCGACGAGA 3' 
sco6099rev ncRNA 5' GCCACGTGCACCTCGACGTA 3' 
sco6259fw ncRNA 5' AGCCTGGACGGCGAGGAGACC 3' 
sco6259rev ncRNA 5' ACGACGGCGAGGTCCTGGTAG 3' 
sco6624fw ncRNA 5´ AGTACCAGCCTGCGCGTTACG 3´  
sco6624rev ncRNA 5´ CACTCGCCTGCTTCAGAAGAG 3´  
sco6774fw ncRNA 5´ TAGGCGTGGCCTTTCTCACCG 3´ 
sco6774rev ncRNA 5´ ACGTACGACCCGATCACTGCT 3´ 
sco7476fw ncRNA.1 5' ATCTCCGTGTTCCTGGAGGAC 3' 
sco7476rev ncRNA.1 5' TTCGGCAGCTCTCCGTCGGAG 3' 
tag 5’ GCTATCGCCAGCTAGACT 3’ 
sco2198fw ncRNA tagged 5' GCTATCGCCAGCTAGACT 
AAGTTCATCGCGGACGAG 3' 
